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摘要: 甲藻环沟藻属于一类无色素体、表面有脊的裸甲藻, 因可捕食一些重要的赤潮生物而在海洋生态系统中扮
演着重要的角色。有关中国近海环沟藻属的物种多样性信息非常有限。本文报道了2个新记录种——纺锤环沟藻
(Gyrodinium fusiforme)和莫氏环沟藻(G. moestrupii)。纺锤环沟藻细胞呈纺锤形, 长48.0–58.0 μm, 宽18.0–23.0 μm,
长宽比为2.4–3.0, 和模式种相比体型和长宽比都较小。莫氏环沟藻细胞也呈纺锤形, 长约30 μm, 宽约15 μm。我
们测定了纺锤环沟藻和莫氏环沟藻大亚基的部分序列, 并根据大亚基序列利用最大似然法和贝叶斯法建立了系统
发育树。结果显示环沟藻属是单源的 , 纺锤环沟藻和裂缝环沟藻(G. fissum)聚合在一起, 但是与螺旋环沟藻(G.
spirale)分离。纺锤环沟藻和莫氏环沟藻分别可以摄食米氏凯伦藻(Karenia mikimotoi)和具齿原甲藻(Prorocentrum
dentatum), 前者在米氏凯伦藻赤潮中的大量出现显示它可以促进赤潮的消退。
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Abstract: The athecate dinoflagellate genus Gyrodinium includes heterotrophic species that prey on other
dinoflagellates, and thus play an important role in marine ecology. Information about the Gyrodinium
diversity along the coast of China is limited. Here we report on the characteristics of two species, Gyrodinium
fusiforme Kofoid & Swezy and Gyrodinium moestrupii Yoon, Kang, and Jeong that were isolated from a
Karenia mikimotoi bloom sample in the East China Sea. The cells of G. fusiforme were fusiform with a
length of 48.0–58.0 μm and a width of 18.0–23.0 μm. Cells of G. moestrupii were also fusiform and
approximately 30 μm long and 15 μm wide. Partial large subunit (LSU) ribosomal DNA sequences were
obtained from single cells of G. fusiforme and G. moestrupii and phylogenetic trees were built using
maximum likelihood (ML) and Bayesian inference (BI). In the phylogenetic trees the genus Gyrodinium is
monophyletic, and G. fusiforme groups together with G. fissum, but separates from G. spirale although they
are similar in morphology. G. fusiforme and G. moestrupii can prey on Karenia mikimotoii and Prorocentrum
dentatum respectively. The high abundance of G. fusiforme during K. mikimotoi bloom suggests it may play a
role in bloom decline.
Key words: Gyrodinium fusiforme, Gyrodinium moestrupii, Karenia mikimotoi, LSU rDNA, harmful algal
blooms
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环沟藻属(Gyrodinium)最初的定义包括横沟偏
移距离超过体长20%的裸甲藻类, 而偏移距离小于
体 长 20% 的 裸 甲 藻 类 则 被 归 到 裸 甲 藻 属











体的裸甲藻 , 符合这些特征的物种不到 20个




















察(Zeiss Axio Imager microscope, Carl Zeiss, Göttingen,
Germany) 。 并 用 10 µg/mL 的 DAPI(4′,
6-diamidino-2-phenylindole dihydrochloride)
(Sigma-Aldrich, St. Louis, USA)染色, 在上述显微镜下
观察其细胞核(激发光: G365; 发射光: BP 445– 450)。
赤潮水样迅速带回实验室后取600 μL, 加入
200 μL 4%的锇酸固定1 h, 然后在系列乙醇溶液
(10%, 30%, 50%, 70%和90% 1次, 然后100%溶液3
次, 每次10 min)下脱水, 临界点干燥(K850 Critical
Point Dryer, Quorum/Emitech, West Sussex, UK), 喷
金 , 最后在扫描电镜下观察 (LEO 1530 Gemini
SEM, Zeiss/ LEO, Oberkochen, Germany)。
挑取单个细胞到PCR管中, 在液氮中冷冻裂解
细胞。用引物D1R和D2C扩增核糖体大亚基(D1–D2
区)(Scholin et al., 1994), 用真核生物通用引物扩增
核糖体小亚基(Medlin et al., 1988)。PCR的程序为:
94°C裂解4 min, 然后进入25个循环 (94°C裂解1
















53.7±4.0 μm, n = 20), 宽 18.0–23.0 μm(平均值 =
20.0±2.7 μm, n = 20)。细胞呈纺锤形, 中间部位最为宽




细胞体长的30–34%(图1, 3, 5)。细胞头部较尖, 而尾部
较钝(图3, 5)。细胞略微扭曲, 上鞘扭向左侧, 下鞘扭向
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图1–10 纺锤环沟藻(1–8)和莫氏环沟藻(9–10)的形态学观察结果。1: 纺锤环沟藻腹面观, 示表面的脊和横沟偏移(LM); 2:
图1中的细胞位于不同的聚焦点, 示椭圆形的细胞核(N)和摄食的一个猎物(箭头)(LM); 3: 纺锤环沟藻腹面观, 示表面的脊和
横沟偏移(SEM); 4: 纺锤环沟藻的顶沟(箭头）(SEM); 5: 纺锤环沟藻腹面观, 示表面的脊和横沟偏移(SEM); 6: 纺锤环沟藻背
面观, 示表面的脊(SEM); 7: 纺锤环沟藻的纵沟(SEM); 8: 纺锤环沟藻正在摄食一个米氏凯伦藻细胞(SEM); 9: 一个活体莫氏
环沟藻细胞(LM) ;10: 一个DAPI染色的莫氏环沟藻细胞, 示球形的细胞核(N)和摄食的一个具齿原甲藻细胞(箭头)(LM)。
Fig. 1–10 Morphological structure of Gyrodinium fusiforme and G. moestrupii under light microscopy (LM) and scanning
electronic microscopy (SEM). 1, Ventral view of G. fusiforme, showing surface striations and cingulum displacement (LM); 2, The
same cell in Fig. 1 in different focus, showing the ellopsoidal nucleus (N) and a prey inside (arrow) (LM); 3, Ventral view of G.
fusiforme, showing surface striations and cingulum displacement (SEM); 4, Detail of the apical groove of G. fusiforme (arrow)
(SEM); 5, Ventral view of G. fusiforme, showing surface striations and cingulum displacement (SEM); 6, Dorsal view of G.
fusiforme, showing surface striations (SEM); 7, Detail of the sulcus of G. fusiforme (SEM); 8, G. fusiforme is preying on a Karenia
mikimotoi cell (SEM); 9, A living cell of G. moestrupii (LM); 10, A DAPI stained G. moestrupii cell, showing the spherical nucleus
(N) and a Prorocentrum dentatum cell inside (arrow) (LM).




Fig. 11 Phylogeny of Gyrodinium fusiforme and G. moestrupii inferred from partial large subunit rDNA sequence based on
Bayesian inference (BI). Alexandrium leei and A. taylori were selected as outgroups. Numbers at nodes represent the result of the ML
bootstrap analysis (one thousand bootstraps performed) and Bayesian posterior probabilities (left: ML bootstrap support values; right:
Bayesian posterior probabilities). Only ML bootstrap support value greater than 50 and Bayesian posterior probabilities greater than
0.7 were listed. * indicates maximal support.
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结果。福建海域2个纺锤环沟藻细胞的核糖体大亚




因库序列号 : AY571370, AY571369, HE611580,
AY571371)分别相差152, 120, 155和109个碱基(序















Spirodinium fusus sp. nov. (Meunier, 1910), 之后该
种被移到Gyrodinium(环沟藻属), 由于环沟藻属下
已经有了Gyrodinium fusus, 因此Spirodinium fusus
改 名 为 Gyrodinium fusiforme(Kofoid & Swezy,
1921)。纺锤环沟藻和螺旋环沟藻形态极为相近, 区
别是前者个体较小(长74 μm), 而后者个体较大(长
度为 105–150 μm), 长宽比前者为 3.7, 后者为
2.5(Kofoid & Swezy, 1921)。
福建海域发现的纺锤环沟藻和来自北冰洋的
样品相比有3个主要的区别, 即个体较小(长度小于
60 μm), 长宽比值较小(仅为2.7), 以及底部较钝(模
式种两端都很尖)(Kofoid & Swezy, 1921)。发现于英
国和加拿大的纺锤环沟藻个体都较大 (分别是
50–125 μm 和 45–91 μm)(Dodge, 1982; Berard-
Therriault et al., 1999), 而来自日本的纺锤环沟藻长


















Horiguchi, 2004; Yoon et al., 2012)。纺锤环沟藻和螺
旋环沟藻的小亚基仅相差3个碱基, 而且在基于小
亚基的系统发育树上它们也是相邻的 2个物种











水产养殖和海洋生态带来灾难 (Nakamura et al.,






甲藻的竞争者减少(孙军等, 2007; Jeong et al., 2010)。
而环沟藻属的物种(比如多米尼环沟藻、螺旋环沟藻)
在米氏凯伦藻赤潮水体中大量出现, 并通过摄食促
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